Lipofilling and PRP for aesthetic facial rejuvenation:Understanding and augmenting the lipograft by Willemsen, Joep Carlus Natasja
  
 University of Groningen
Lipofilling and PRP for aesthetic facial rejuvenation
Willemsen, Joep Carlus Natasja
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2018
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Willemsen, J. C. N. (2018). Lipofilling and PRP for aesthetic facial rejuvenation: Understanding and
augmenting the lipograft. [Groningen]: Rijksuniversiteit Groningen.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
518341-L-sub01-bw-Willensen
Chapter 1 - General introduction and outline of this thesis
8
1. JOEP C.N. WILLEMSEN
I
GENERAL INTRODUCTION AND OUTLINE OF 
THIS THESIS
518341-L-sub01-bw-Willensen
Chapter 1 - General introduction and outline of this thesis
9
Introduction
A general introduction to this thesis and 
topic of discussion.
Deﬁnition and historical perspectives 
of lipoﬁlling
Deﬁning the topic of discussion and some 
historical notes. 
Factors involved
Introduction to various succes determining 
factors within lipoﬁlling. Introduction to 
regenerative characteristics of the lipograft.
Aims and outline of this thesis 
Describing the aims and outline of this 
thesis.
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#GSěJGěKERGęTUGNCěKONOHěJGCIKNIHCEG
The natural process of aging results in the gradual impairment in function of individual cells and 
structural components including bones, muscles, and ligaments1-3. While decreased function 
of vital organs might be not that visible, facial appearance is clearly visible and determines the 
perception of aging. Since signs of aging are associated with getting older, and being old is 
associated with many negative feelings in our society, especially among women, many women 
seek for rejuvenation procedures4. Actually, to ‘rejuvenate’ means ‘to make young again’. 
Traditionally it was thought that the effects of gravity and loss of skin elasticity due to collagen 
degradation were the most important factors of aging. For that reason, plastic surgeons devised 
several surgical methods and procedures to reposition the sagged soft tissue in vertical 
direction to counteract the effects of gravity, such as e.g. the classical facelift procedure5. Due 
to increased insight into the (facial) aging processes3, 6, 7, however, we have become aware 
that lifting procedures alone are insufficient to achieve a natural rejuvenation of the aging 
face in the majority of patients8, 9. In addition, the loss of volume due to fat atrophy and bone 
resorption3, 7 has proven to be a major factor in facial aging and, therefore, also has to be 
addressed to get a natural rejuvenation. Thus, in order to ‘truly’ rejuvenate the face, one must 
also restore the volume loss. This should preferably be done with autologous by means of 
lipoﬁlling: the transfer of autologous harvested fat cells to areas of fat depletion and volume 
loss.
&GĂNKěKONCNFJKSěORKECĚPGRSPGEěKUGSOHĚKPOĂĚĚKNI
Lipoﬁlling is the harvesting of fat by liposuction, which is then injected into the desired region 
of the body for volume enhancement; this is in fact a fat cell transplantation10. 
The technique of lipoﬁlling is not new: more than 125 years ago, the’ alleged potential “of living 
fat cells as ﬁller was already explored11. Since the beginning of ‘modern’ plastic, reconstructive 
and aesthetic surgery, the potential use of adipose tissue in lipoﬁlling was examined.  Gustav 
Neuber, just after having completed the construction of the ﬁrst sterile operating theater in the 
world in Kiel, Germany (1893), was the ﬁrst to use fat in correcting a scar after osteomyelitis 
of the orbital rim. In 1895, Vincenz Czerny used a lipoma for breast reconstruction after 
mastectomy. Eugene Hollander in the “Handbuch der Kosmetik” showed the ﬁrst pictures 
of a lipotransfer for lipoatrophy of the face and a retracted defects of the chest11. Results 
at that time were dismissed as ‘moderate’ and highly variable in nature. Charles Miller, a 
controversial doctor from Chicago, published in 1912: “Cosmetic Surgery: The correction of 
Featural Imperfections”, in which he was the ﬁrst to describe the use of a cannulas to inject 
living fat cells. In a newspaper interview, the established medical order at that time (1908) 
ridiculed him and expressed hostilities to his interest in elective surgery and the use of fat. 
This lead to rejecting his manuscripts for publication and, as a consequence, many years of 
skepticism, which, in addition, was also due to other doctors being unable to reproduce his 
results. Only in the second half of the 20th century, lipoﬁlling came back into the spotlights. 
Yves-Gerard Illouz introduced the regular use of liposuction but also reused the lipoaspirate 
for lipoﬁlling of the breast10. Pierre Fournier propagated harvesting of fat by suction with a 
sharp syringe12. In 2009, they presented their 25 years of experience with lipoﬁlling together 
at the EMAA in Paris. The technique became even more popular by further pioneering work of 
Sidney Coleman, Plastic Surgeon, New York, who improved the reproducibility of the lipograft 
by centrifuging the lipoaspirate prior to injection13. Until then, ‘decantation’ was preferred 
(separating the water fraction from the lipoaspirate by gravity). The quantity of living fat cells 
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retrieved by the decantation technique was variable and unpredictable, varying from 20 to 
50%14, 15. Separation by centrifugation, however, improved this quantity up to 85-90%16-18. These 
improvements in the processing of the lipograft signiﬁcantly improved graft take predictability 
after lipoﬁlling, and resulted in widespread use of lipoﬁlling for various conditions. Nowadays, 
lipoﬁlling has become an inevitable tool used in our daily practice of plastic surgery19. 
More than ﬁlling alone: rejuvenation by the ASC?
During the last two decades, it became apparent that multipotent or precursor cells were 
present in subcutaneous fat20. Harvesting and classifying these cells, however, proved to be 
a technical challenge. The introduction of liposuction changed this: for the ﬁrst time, there 
was access to large volumes of living human fat cells. Zuk et al21 showed in their study that fat 
indeed contains precursor cells or adipose derived stem cells (ASC). These ﬁndings lead to 
major advances in stem cell related tissue engineering and regenerative medicine. The ASC 
almost have the same differentiation as other stem cells22, but are actually readily available and 
easy to separate from fat tissue23. 
With the introduction of lipoﬁlling also in more superﬁcial areas, it became apparent, as 
Coleman stated in 2006 24, that “lipoﬁlling might be more than ﬁlling alone” and also had some 
local rejuvenation effects.  In several cases of lipoﬁlling of the face, the overlying skin showed 
changes: small wrinkles disappeared, pore size decreased, and pigmentation improved. 
Scars seemed to fade, and felt more similar to normal skin. These ﬁrst observations lead to 
several studies that evaluated these rejuvenating properties. In 2007, Rigotti et al. 25 in their 
study “Clinical treatment of radiotherapy tissue damage by lipoaspirate transplant: a healing 
process mediated by adipose-derived adult stem cells” introduced a new method in treating 
irradiated skin: lipoﬁlling was used as a therapy to repair the damaged skin instead of using it 
for volumetric correction. Rigotti suggested that the positive rejuvenating effects reported in 
the study might be attributed to ASCs that are abundantly present in the lipograft.
The pioneering work of Rigotti et al resulted in a new form of medicine: regenerative medicine. 
Conﬁrmation of his results and the ﬁrst insights into the fundamental backgrounds were 
presented in the study of Sultan et al, 26 a placebo controlled animal study. Mice underwent 
radiation: one group received lipoﬁlling of the radiated area; the other group a placebo treatment. 
Lipoﬁlling signiﬁcantly improved the negative side effects of the acute radiodermatitis. This 
observation was further supported by histological ﬁndings: there was signiﬁcant less ﬁbrosis 
and SMAD3 expression (ﬁbrosis marker) in the areas treated with lipoﬁlling compared to the 
placebo treated areas. The authors suggest that these effects might be due to the ASC, either 
by neo angiogenesis or inhibiting the TGF-b myoﬁbroblast activity. 
The regenerative properties of the lipograft were soon used for other types of skin damage, 
as, e.g., thermal injuries. Klinger et al. 27 were the ﬁrst to present a small case series (n=3) that 
were treated with lipoﬁlling after hemifacial 2nd to 3th degree burns.  Klinger concluded that: 
“lipoﬁlling improves scar quality and suggest a tissue regeneration enhancing process”. The 
group of Sultans et al (as described above) also conducted a placebo controlled mice study 
that explored the possibility of using lipoﬁlling to minimize scarring after thermal injury28. The 
mice that received lipoﬁlling directly after administering the thermal injury showed increased 
neo angiogenesis of the area, as measured with a duplex Doppler and as shown by cellular 
expression of related genes. Similar to the experiments in irradiated mice, a lower amount 
of ﬁbrosis was observed in the thermal injured areas treated with lipoﬁlling. The authors 
suggested that the ASC might take over or assist the endothelial progenitor cells, which are 
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of paramount importance for neo-angiogenesis after thermal injury. It is widely known that 
with severe thermal injury, the endothelial progenitor cells response from the bone marrow is 
slow, or even absent29. The resulting hypoxia of the injured tissue will result in a high TGF-b 
expression that results in severe scarring and can be counteracted by ADC’s or lipoﬁlling. 
With lipoﬁlling as a potential scar formation reducing therapy in mind, the ﬁrst clinical trials 
subsequently appeared. Ribuffo et al. 30, Balkin et al. 31 and Zellner et al. 32 reported signiﬁcant 
scar reduction and modulation of existing scar tissue in a controlled clinical setting.
Rigotti was also able to prove his concept in a small clinical histology study: lipoﬁlling of normal 
aged skin increased the elastin content in the dermis33. Although the study lacked a control 
group, many authors conclude that this observation explains the rejuvenating effect seen in 
aesthetic facial lipoﬁlling. Unfortunately, the study of Rigotti et al. did not show histological 
ﬁndings of signiﬁcance underlining the observed clinical rejuvenating effect.
Besides scar reduction therapies, several studies explored the pain reducing effect of lipoﬁlling 
around peripheral neuropathy34, as well as wound closure of diabetic ulcers35, 36, all reporting 
a signiﬁcant variation in effects from hardly none to superior results.
In recent years, the focus of research shifted more and more from the entire lipograft to the 
speciﬁc ASC’s.  New methods of isolating and cultivating ASC from the lipograft initiated the 
start of new stem cell therapies and ASC, SVF (Stromal vascular fraction) boosted lipoﬁlling, all 
demonstrating   promising results37-39. These new forms of stem cell associated therapies fall 
outside the scope of this thesis, and were not further included or studied.
1PěKMKYKNIRGSTĚěSHCEěORSKNUOĚUGFKNĚKPOIRCHěSTRUKUCĚ
Ever since the introduction of lipoﬁlling, a lot of controversy exists about the ‘survival’ of 
transplanted fat. It is known that new vascular ingrowth starts from day 7 after transplantation40 
and that fat necrosis peaks at day 3040. Already two months after lipoﬁlling, biopsies obtained 
from the grafted fat in several animal studies showed a well vascularized sample of tissue 
with living functional cells40, 41. Graft retention available from clinical studies is reported to be 
between 55% and 82% in the breast 42-44, and 32%-70%45, 46 in the midface. However, it has 
to be noted that the number of high level evidence studies is limited (n=32) and that only 8 
studies are available thus far that have used 3D imaging techniques to determine volume 
retention. Focusing on lipoﬁlling of the midface, the study of Swanson was the ﬁrst to explore 
the survival of fat grafts in the face by analyzing the lipograft volume by means of multiple MRI 
scans46. Although limited by the small number of patients, this study clearly demonstrated a 
stable lipograft volume after 6 months, with a similar density on the MRI as ‘normal’ fat tissue. 
The authors also noted that there was no signiﬁcant difference in graft volume between 1 and 
6 months after lipoﬁlling, suggesting adequate vascularization and survival of the remaining 
cells in the lipograft. More recently, the study of Meier et al found similar results, but reported 
a lower percentage of graft take45. 
Even though lipoﬁlling has been performed for decades, no consensus exists about the best 
fat-grafting technique47. Location of donor sites, use of local anesthetics, harvesting methods, 
processing techniques, and injection techniques all continue to be points of discussion40, 47-50. 
The recent evidence based-review of Sinno et al. discusses the variation in fat grafting and 
their level of evidence51. The authors drew the following conclusions: (a) liposuction location 
(e.g. donor location as abdomen, thigh) has no inﬂuence on fat graft survival; (b) the use of 
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a liposuction pump results in similar graft viability as compared to liposuction by syringe 
aspiration; (c) washing of fat is not superior to other processing methods when looking at 
viability; (d) lipoﬁlling should take place as soon as possible after liposuction; (e) the use of low-
shear devices with a large diameter for injection improves the graft take compared to small 
diameter cannulas. The level of evidence of all these aforementioned conclusions is, however, 
low, also regarding the enormous variation in clinical practice, which goes on in a frequency 
much faster than the underlying scientiﬁc evidence. Furthermore, recent theories focus more 
on the crucial role of adipose-derived stromal/stem cells (ASC) 52-54 and/or growth factors such 
as vascular endothelial growth factor (VEGF) 55-57 in fat graft survival rather than adipocyte 
viability, adding another variable with lots of uncertainties. 
The role of the ASC in graft survival. 
ASC play a key role in the lipoﬁlling attributed regenerative effects and their number in a 
lipograft seems to correlate with graft survival. Early studies from Gentile et al. in the breast 
suggested improvement of graft take when the ratio of ASC was increased in lipograft58. 
Peltoniemi et al, however, found no beneﬁcial clinical effect of increased number of ADC’s59. 
More recently, the study of Kolle et al clearly demonstrated a signiﬁcantly better graft take of 
ASC enriched lipograft over normal lipografts54. From a fundamental point of view, the ASC 
could attribute to graft retention by several mechanisms: by (1) direct support of adipocytes 
during the ﬁrst days after transplantation, by (2) inhibition of apoptosis pathways of adipocytes, 
by (3) supporting vascular ingrowth by direct or indirect effects on endothelial cells and last but 
not least by (4) differentiation into adipocytes.
Platelet Rich Plasma (PRP)
Platelet-rich plasma (PRP) is deﬁned as the portion of the plasma fraction of autologous 
blood having a platelet concentration above baseline60. PRP also has been named platelet-
enriched plasma, platelet-rich concentrate, autologous platelet gel. Platelet Rich Plasma (PRP) 
was already used in orthopedic medicine for decades61, but made its introduction into plastic 
surgery only very recently. Adding a high concentration of platelets directly to the lipograft 
or injecting it in the acceptor area will release an additional tremendous amount of growth 
factors. These growth factors are associated with wound healing and some of them such as 
the Vascular Endothelial Growth Factor (VEGF) and Platelet Derived Growth Factor (PDGF) 
62 are pro-angiogenic63-65. Nowadays there are many indications for the use of PRP, ranging 
from wound treatment to per-operative application in orthopedics and surgery, and facial skin 
rejuvenation procedures such as micro-needling61, 62, 66. Literature has clearly demonstrated 
that PRP results in faster wound closure of chronic ulcers67, 68, speeds up recovery time after 
facial aesthetic laser treatments69, 70 and increases the healing rate and tensile strength after 
tenorrhaphy71-74.
242CFFGFěOěJGĚKPOIRCHě
Although prospective human studies are limited in number and show contradictory results to 
this date, there are many promising placebo controlled animal studies that did show impressive 
effects when adding PRP to the lipograft. Oh et al.75and Nakamura et al.76 demonstrated that 
adding PRP to the lipograft resulted in a signiﬁcant higher fat retention with increased vessel 
formation. The right concentration (4-5x times above baseline) of the PRP seems to be of 
paramount importance in achieving these effects77.  High concentration PRP can even be 
detrimental, as supported by studies on other cell lines like ﬁbroblasts and osteoblasts64, 78-80. 
Several fundamental studies presented ﬁndings that could explain the positive effect of PRP 
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on the lipograft: Graft take might be improved by PRP because it stimulates ASC proliferation51 
, blocks the pathways of apoptosis52  and helps differentiation to adipocytes53 . Moreover, 
PRP lysate stimulates proliferation, migration and tube formation of human umbilical vein 
endothelial cells both in vitro as well as in a nude mouse model54 . Furthermore, PRP induces 
changes on endothelial cells that can contribute to (neo)angiogenesis of the fat graft, thereby 
enhancing fat graft survival55.
The use of PRP as an additive to lipoﬁlling is ﬁercely debated in literature. Thus far, clinical 
evidence is limited and studies evaluating the effect of PRP vary signiﬁcantly in methodology81.
How PRP exactly improves graft take remains unclear: the growth factors may inﬂuence the 
ASC in the lipograft, the adipocyte, the donor area, or a combination of all these factors. 
There is currently also limited evidence that direct subcutaneous injection of PRP may improve 
the quality of the dermal layer82-84. A limited number of studies reported an increase of skin 
homogeneity, texture and elasticity after PRP injection85-87. These observations have stimulated 
us to additional addition of PRP to the lipograft to enhance the rejuvenation effect when using 
it in combination with facial lipoﬁlling.
#KMSCNFOTěĚKNGOHěJKSěJGSKS
The main objective of this thesis is to further analyze the (clinical) effect of lipoﬁlling on facial 
rejuvenation and to investigate the speciﬁc role of PRP when adding it to the lipograft. In 
order to get a clear view on these aforementioned aspects, six separate study objectives were 
identiﬁed and performed: 
(1) determining the possible improvement in aesthetic outcome when lipoﬁlling is combined to face-
lifting procedures, 
(2) investigating the potential beneﬁciary effect of PRP when adding it to the lipograft in facial 
lipoﬁlling,  both on overall aesthetic outcome as recovery time after surgery retrospectively,  
(3) investigating the potential beneﬁciary effect of adding PRP to the lipograft in facial lipoﬁlling on 
skin elasticity, volume retention and recovery time (double blinded randomized controlled trial) 
(4) exploring the rejuvenating effect of lipoﬁlling on overlying skin as deﬁned by skin elasticity, 
(5) investigating the concentration depended effect of PRP on ASC, and last but not least 
(6) investigating the role of the ASC in the lipograft and rejuvenation.
The possible improvement in aesthetic outcome when lipoﬁlling is combined with face-lifting 
procedures is presented in Chapter II, in which we compare facial improvement after either 
face lifting without or with lipoﬁlling. In Chapter III, we retrospectively analyze whether PRP 
has a beneﬁciary effect on the overall aesthetic outcome and recovery time when used in 
combination with lipoﬁlling, or in combination with face lifting and lipoﬁlling. In Chapter IV we 
analyze in a double blinded randomized trial the beneﬁciary effect of PRP to facial lipoﬁlling 
with regard to skin elasticity, volume retention and recovery time. The in vitro concentration 
dependent effect of PRP on ASC proliferation and function is presented in Chapter V, and the 
role of the ASC in rejuvenation, as is known from literature up till date, is reviewed in Chapter 
VI.  Finally, Chapter VII summarizes and discusses all results of this thesis, along with the 
personal future vision on the subject studied by the candidate. 
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